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PROCESS FOR THE PREPARATION OF CEPHRADINE 

The present invention relates to a process for the preparation of cephradine, and 
cephradine obtainable by the process according to the invention. 

Cephradine is a B-lactam antibiotic, which may be synthesised in a chemical 
process, wherein the aminogroup in 7-aminodesacetoxy cephalosporanic acid (7-ADCA) 
is acylated with a dihydrophenyl glycine side chain. A process for the synthesis of 
cephradine is for example known from US 3,485,819. For various reasons, the 
commercially available form of cephradine is a hydrated form in which the water content 
is in the range of about 3% to 6% of water. This is not a stoichiometric hydrate since the 
water varies freely in the crystal. An inherent problem of cephradine is its poor stability. 
By poor stability is meant that cephradine is susceptible to oxidation to cephalexin, to 
degradation and to coloration. WO 91/00865 discloses a process for the preparation of 
a more stable cephradine, which process comprises crystallising cephradine hydrate 
from an aqueous dimethylformamide solution of cephradine. The cephradine thus 
prepared is a cephradine hydrate stable form (SF), of which the coloration remains 
essentially the same for a period of at least 8 weeks. By this is meant that the 
absorbance at 450 nm after 8 weeks is still less than 0.3. The disadvantage of the 
process WO 91/00865 is that additional foreign substances (dimethylformamide) are 
necessary to prepare the cephradine hydrate SF with an absorbance at 450 nm of less 
than 0.3. 

The aim of the present invention is to provide a process for the preparation of 
cephradine hydrate wherein no foreign substances are necessary to obtain cephradine 
hydrate in a stable form. 

The problem is solved according to the invention in that the process comprises: 

- reacting 7-amino acid desacetoxy cephalosporanic acid (7-ADCA) with D- 
dihydrophenylglycine in activated form in the presence of an enzyme in a reaction 
mixture to prepare cephradine; and 

- crystallising the cephradine from an aqueous solution to form cephradine 
hydrate. 
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Itwas surprisingly found that the cephradine hydrate stable form prepared by the 
process according to the invention has a decreased absorbance measured « a 
wavelength of 450 nm. 

The invention is not limited to a specific cephradine hydrate. Typically the 
cephrad,ne hydrafe is cephradine monohydrate. The water content of fhe cephradine 
hydrate may for Instance range between 3% and 6% per weight 

Th8 proce85 «»««n9 to the invention comprises reacting 7-ADCA with D- 
dmydrophenylglycine in activated form in the presence of an enzyme in a reaction 
nurture to prepare cephradine. in the framework of me present invention the wording 
enzymatic reaction refers to said reacting. woro.ng 

form nlr T T** '° *" ,nWn " 0n ' he """^^Wne in activated 
form may be an am,de. for instance a primary, secondary or tertiary amlde , or an ester 

of drhy rophenytetycne. Preferably, me dlhydrophenylglycine in acrivated ZZT 
ester of d,hydrophenylgtyclne, for instance a lower alkyl (1-4 C) ester of 
drhydrophenylgfydne. Preferred Is dlhydrophenylglycine methyl ester, and most 
preferred dlhydrophenylglycine methylester in the fern, of a salt of dlhydrophenylglycine 
methy, ester, forexampie a fonmteacld or HC, sal, of dihWr^henyigty^ ma^eT 
The formic a* or HC, sal, of the otter dihydrophenyiglyclne esters may aiso be uaeT 
The molar ratio of dlhydrophenylglycine in activated form to 7-ADCA I e the total 
duan, y o dlhydrophenyigiyCne h advated form added (to the reaction 
io the total ,uan«y of 7^DCA added (to me reaction mixture), bom expressed in motes 
may vary baween wide limKs. Preferably, me moiar ratio is below 2.5, preferably 
between 0.5 and 2.0, and more preferably between 0.7 and 18 

ADCA 2oT! T" ^ te ^ SUitab ' S *■* ,he rea *" * 7 - 

ADCA wrih D-drnydropnenylgiycine in activated form may be carried out in the presence 

of an enzyme. Preferabiy, the reactten mfcture is an agueous reaction mjre tT 
aqueous reacuon mature may also contain an organ* solvent or a mixUrre ofolnlc 
sorvents preferabiy teas than 30 vo,%, more prefe^y ,es S man 20 vol.%. moT 
prefer^ less man 10 vo,.%, more preferabiy less man 5 vo,.% (relative uZ *m 
voiume of the fc.uk,. Preferabiy, the organic solvent is an alcohol with 1-7 ca In 
atems, forrnstance a monoalconol, in particular methane, orethanoi; a dio, In particular 
ethylene glycol, ore triol, in particular glycerol. Pre ferabfy, the agueous J££Z 
contarns at leas, 70 vol.% water, more preferably a, leas, 80 vo,.%, mens prefZy a 



least 90 vol.%, most preferably at least 95 vol.% water (relative to the sum volume of the 
liquid). 

Depending on the particular reaction conditions, for instance the pH and or the 
temperature, the cephradine prepared may be present in the aqueous reaction mixture 
in dissolved form or in the form of cephradine hydrate. 

In the process according the invention, the enzymatic reaction may be carried 
out at any suitable temperature. Preferably, the enzymatic reaction is carried out at a 
temperature of between -5 and 35°C. preferably between 2 and 30'C. More preferably, 
the enzymatic reaction is carried out at a temperature of between 5°C and 25 8 C, and 
most preferably between 15 and 23°C. 

The enzymatic reaction in the process according to the invention, may be carried 
out at any suitable pH. Preferably, the enzymatic reaction is carried out at a pH of 
between 6 and 9. More preferably, the enzymatic reaction is carried out at a pH of 
between 6.3 and 8.5, and most preferably between a pH of 6.5 and 7.5. The pH of the 
reaction mixture in which the enzymatic reaction is carried out, may be maintained at the 
desired pH value with any suitable base, for example sodium hydroxide or ammonia. 

Any enzyme may be used that is suitable as a catalyst in reacting 7-ADCA with 
D-dihydromethylglycine in activated form to prepare cephradine. Such enzymes are for 
instance the enzymes that are known under the general term penicillin acylase, or 
penicillin G acylase, also called penicillin G amidase or benzylpenicillin acylase (EC 
3.5.1.1 1). Penicillin G acylase refers to a group of hydrolases from microorganisms 
especially bacteria, capable of hydrolyzing the 6-acyl group of penicillins or the 7-acyl 
group of cephalosporins. Microorganisms from which penicillin acylase enzymes may be 
obtained are for example Acetobacter, in particular Acetobacter pasteurianum, 
Aemmonas, Alcaligenes, in particular Alcaligenes faecalis, Aphanocladium, Bacillus sp 
■n particular Bacillus megaterium, Cephalosporium, Escherichia, in particular Escherichia 
col,, Flavobacterium, Fusarium, in particular Fusarium oxysporum and Fusarium solani 
Kluyvera, Mycoplana, Protaminobacter, Proteus, in particular Proteus rettgari, 
Pseudomonas and Xanthomonas, in particular Xanthomonas citrii. 

In a preferred embodiment, the enzyme used in the process according to the 
invent.on is a mutant penicillin acylase. Mutants of penicillin acylases can be made by 
starting from any known penicillin acylase. The mutated acylases which are used in the 
process according to the invention, are for example derived from wild type acylases via 
recombinant DNA methodology known in the art, by substituting one amino acid residue 
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enzymatic activity. An example of ■»! « SPeaf,Ci,y and/or atered 

po Si „c„ of irrci :; wo t 210 The - 

sequence ofw»d type Penlcilim 3 ac"a3 e co/f ^ ° f " ^ « 

— enzymes * "~ and 

»nmob,„sed aa described ,n EP 222 462 and In WO97/04086 

to the invention. raS8af " y aPI *' n8 ,he «Vata»ieation according 

the cephradlne that la prepaid in the erTmT . " S <X "" P ^' na 

suitable way. T*e aouel: ao, Jont ^irZZ^ T*" " ^ 
aqueoua reaction mixture Tha »™ m „ . Cephradlne ma V f ° r example be the 
Prepared hy «J^LZ^T "T*" - * 

of aaid enzyme. Pre^, the T^ZZZ ^""^ 
crystallising cephradlne hydrate Separated ^ «l"eous solution prior to 

preferably, at a pH of between 8 3 an* a * T ^ *' more 

performed hy modifying h partloular by Jj^*^* " ** T 
value a, or above 8. preferably, at a pH of ^ £ '° 3 

PH of between 8.5 and 9 TheoHofth.™ .• ° ' s and 9 - 6 ' end most preferably at a 

ammonia. Said dissolving may be carried out JY P ^ hydr ° Xide or 
separated cephradlne hydrate to form the aqueous solution ** 



The aqueous solution may be any suitable solution comprising dissolved 
cephradine. The aqueous solution may also contain an organic solvent or a mixture of 
organic solvents, preferably less than 30 vol%, more preferably less than 20 vol % more 
preferably less than 10 vol.%, more preferably less than 5 vol.% (relative to the total 
volume of the liquid). Preferably, the organic solvent is an alcohol with 1-7 carbon 
atoms, for Instance a monoalcohol, in particular methanol or ethanol; a diol in particular 
ethylene glycol, or a triol, in particular glycerol. Preferably, the aqueous solution contains 
at least 70 vol.% water, more preferably at least 80 vol.%, more preferably at least 90 
vol.%, most preferably at least 95 vol.% water (relative to the sum volume of the liquid) 

Preferably, the enzyme is separated from the cephradine prepared. The enzyme 
may for example be separated from the reaction mixture comprising the cephradine for 
.nstance by sieving the reaction mixture over a sieve to separate the enzyme from the 
cephradine. 

Separating the enzyme may also be carried out after dissolving cephradine 
hydrate that may have been prepared during the enzymatic reaction. Separating the 
enzyme from an aqueous solution comprising dissolved cephradine, may for example be 
performed according to any method known in the art, such as filtration or centrifugation 
Preferably, separating the enzyme is performed prior to crystallising cephradine 

Crystallisation of cephradine prepared in the process according to the invention 
may be carried out in any suitable way. Preferably, said crystallising is performed at a 
temperature between 45 and 60»C, preferably between 48 and 55°C. Most preferably 
crystallising is performed at a temperature between 49 and 52°C. 

Crystallising cephradine from an aqueous solution comprising cephradine may 
be performed at any suitable pH. Preferably, crystallising the cephradine may be 
performed at a pH of between 4.0 and 6.0, preferably at a pH of between 4.5 and 5 5 
more preferably at a pH of between 4.7 and 5. In the framework of the invention, the pH 
of the aqueous solution may be lowered in several ways, for instance chemically by 
adding an acid, for instance a mineral acid, in particular sulphuric acid, hydrochloric acid 
or nrtnc acid. Preferably, said crystallising is performed continuously 

Working within the preferred temperature and pH ranges, it was surprisingly 
found to that the process results in cephradine hydrate with strongly decreased 
absorbance at 450 nm. Therefore, the invention also relates to a process for preparing 
cephradine hydrate crystals, characterised in that the process comprises crystallising 
cephradine hydrate from a solution containing dissolved cephradine at a temperature 
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between ,45 and 60 C, preferab* batmen ,8 ^ 55 . c . The pH |s 

4.0 and 6.0, more preferably be<ween 4.5 and 5.5. most ^ belwew * ? ^ 

The procasa according to .ha invantlon also comprises performing said 
crying a, auoh pH and at such temperature the. the absorbanc. at 450 nm of tna 
cephrad™ hydrate prepared .a below 0.050, preferefcHy he low ^ and J ° f,he 
preferably below 0.030, usually above 0.005. 

In one embodiment of the prooass according to the invention the anzymatlo 
reacuon ,s carried out in tha presence ofsodium bisulphite. Preferably nZToun, of 
sodum blsu,ph«e prasan, in me enzyme,* reason is between 1 and 2 TmM "1 
between 5 and ,5 mM. Surprising the p re sen« of sodium bisulphite during ne 
enzymabc^tton further dacreasad ma coition of tha oephradine prepare! 

Sodium bisutphlte may also be present during crystallisation of oephradine In tha 
process seconding to tha invandon. Preferably, m. amoun, of sodium 
dunng o^anising of eephradine to form oephradine monhyd ra ,a o^tala i^Co 5 
and 250 mM, more preferably between 25 and 150 mM a a, s between 5 

inanysir:r:r ydra,en ' ai ' b68eparatedfrom » ,e -— — — — 

in another aspect, the Invention relates ,o oephradine hydrate obtainebla by the 
precess as desonbed herein. Surprisingly. «he coloration of «ha oephradine hydrate 
obtatnabte by me process ascending to .ha Invenbon is iow, which means ZVe 

0.005 and 0.050, and more preferably of behreen 0.008 and 0.040, and most prafaral 
befween 0.0.0 and 0.030. ,, was also found .he. b» oephradine hydrate obtiaNe by 
U,e process adding to invan.ion, shows a lowcoterabon in ma lees stable* la 
me ootorabon o, me oephradine hydrate te tess „„„ 0 . 20 , more p j£f 
and most preferably below 0.10 after 8 weeks. 'yoeiowu.is, 
. . •"*■*»"«. •» invention comprises oephradine hydrate with an 

braZr,! 4 ,! 0nmO,bel0w005 . ^^Ofbe to een0.005and0.05,rdmore 
preferably of between 0.010 and 0.040. 

Preferably, me oephradine hydrate prepared accenting to the process of the 
.nvenbon contains no, or substantially no dimemylformamide 

inven^r 9 " ** '~ «" « — - 
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EXAMPLES 



Example 1 

a) Enzyme and Immobilisation 

5 The penicillin acylase as used herein was a Pen-G acylase mutant Phe-24-Ala, 

as described in WO 98/20120. The enzyme was immobilised as described in EP 222 
462, with gelatin and chitosan being used as gelling agent and glutaraldehyde as cross- 
linker. 

10 b) Synthesis of cephradine 

An enzyme reactor (100 ml), with a sieve bottom with 175 urn gauze was filled 
with 40 g nett-wet immobilised Pen-G acylase mutant F24A (enzyme loading 40 mg/ g 
nett-wet biocatalyst). Then, 1 10.0 ml water (20 °C), 0.3 g sodium bisulphite, 36.6 g 7- 
ADCA (169.8 mmol), 1 ml 25 % NH 4 OH solution and 0.04 g EDTA were added. The 
15 suspension was stirred for 5 minutes at T = 20 °C. The pH was 6.90. 

In a separate vessel 37.8 g dihydrophenylglycine methylester.HCl salt (DHME; 
174.7 mmol) was dissolved in 67.2 ml water at T = 20 °C. From t = 0 to t = 60 min this 
solution was dosed into the enzyme reactor with constant dosing rate. The temperature 
was kept at T = 20 °C. The pH was kept at 6.90 with 25 % NH 4 OH solution. In the 
second part of the reaction the pH slowly increased: t = 0-240 min: pH = 6.90; t = 270 
min: pH = 7.00; t = 350 min: pH = 7.10. 

c) Crystallisation and isolation of cephradine. 

The reaction mixture obtained as described above was used for crystallisation 
and isolation. At t= 350 minutes (from the start of cephradine synthesis, see above), the 
mixture comprising the cephradine was cooled to 3 °C and a suspension of 1.8 g sodium 
bisulphite in 4.7 ml water was added. Then, the pH was increased to 8.6 with 25 % 
NH 4 OH solution. 

At t = 360 minutes, the enzymatic reactor was discharged via the sieve bottom. 
The (immobilised) enzyme wetcake on the sieve was washed with 2 x 30 ml water (2 
•C). The filtrates and washings were combined and filtrated (successively through filters 
with pore size 40 jim, 1 0 jim and 3 urn). 
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A crystallisation reactor was charged with 3.0 g cephradine and *n m , ♦ 
heated up to T = 52 °c i mmo ^i tu ^pnraaine and 50 ml water and 

PH at 4.80 by WraHon with 25 ./.subacid ^ < T ~ 52 « «d th. 

wetcake was washed with 30 ml water and 2 x 23 ml 80 V , 

d) Coloration of cephradine 

Absorbance 

described above was 0.012. CePhrad ' ne Mrate - 

S//esssfa6/7/fyfe S f 

-ew^r^^^ 

desenbed above was still below 0. 1 0. »««»nea as 
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Table 1. Stress stability cephradine hydrate 



Week 


A450 


0 


0.025 


2 


0.043 


4 


0.058 


8 


0.096 
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1 . Process for the preparation of cephradine characterised in that the process 
comprises: 

- reacting 7-aminodesacetoxy cephalosporanic acid (7-ADCA) with D- 
dihydrophenylglycine in activated form in the presence of an enzyme in a 
reaction mixture to prepare cephradine; 

- crystallising the cephradine from an aqueous solution to form cephradine 
hydrate. 

2. Process according to claim 1 , characterised in that the process comprises 
preparing said aqueous solution by dissolving cephradine hydrate. 

3. Process according to claims 1 to 2, characterised in that dihydrophenylglycine in 
is activated form is dihydrophenylglycine methylester. 

4. Process according to any one of the claims 1 to 3, characterised in that the 
dihydrophenylglycine in activated form is a HCL salt of dihydrophenylglycine 
methylester. 

20 

5. Process according to any one of the claims 1 to 4, characterised in that said 
reacting is carried out at a temperature between 2 and 30°C. 

6. Process according to any one of the claims 1 to 5, characterised in that said 
25 reacting is carried out at a temperature, between 5 and 25°C. 

7. Process according to any one of the claims 1 to 6, characterised in that said 
reacting is carried out at a pH of between 6 and 9. 
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Process according to any of the claims 1 to 7, characterised in that said reacting 
is carried out at a pH between 6.3 and 8.5. 



9. Process according to any one of the claims 1 to 8, characterised in that the 
enzyme is a penicillin acylase. 
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10. Process according to any one „ „ daims , ,„ 9 charaolensed jn 
enzyme is a mutant penicillin acylase. 

1 1 . Process accordin B to any one of the claims 1 to 10, characterised in that the 
enzyme Is immobilised on a carrier. 

12. Process according to any one of the claims 1 or 1 1, characterised in mat the 
^comprises separating „. enzyme from ^ ^ ^ 

13. P^oess acooralng to any one „ ^ ^ 1 of ^ chara 
dissolving is performed at a pH above 8. 

14. Process according to any one of the Cairns 1 to 13. characterised in that said 
dissolving to performed at a pH between 8.5 and 9. 

15. Process tor preparing oephradlne hydrate oystals. characterised in that the 

ZZZTT ° yS,a " iS,nS ° ePhra< * ne " 0m a " aqUeOUS «**» * 

Z£Z h8rein 0,VS,a " Mn9 * «"*<' °* - • -peratore of 

between 45 and 60 C, preferably between 48 and 65-c. 

16. Process according to any one of the claims 1 to 14, characterised In that said 
orystamsing is performed a, a temperature o, between 45 and 60-0 J£L 
between 48 and 55°C. prererably 

17. Process according to any one ofthe claims 1 to 16, characterised in that eaid 
r"7 t " performed a. a pH between 4.0 and 8.0, preferably a, a pH 
between 4.5 and 5.5. H 



18. 



t 
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19. Process according to any one of the claims 1 to 18 characterised in that reacting 
7-aminodesacetoxy cephalosporanic acid (7-ADCA) with D-dihydrophenylglycine 
in activated form in the presence of an enzyme in a reaction mixture to prepare 
cephradine is carried out in the presence of sodium bisulphite. 

20. Cephradine hydrate obtainable by the process according to any one of the claims 
1 to 19. 

21 . Cephradine hydrate with an absorbance at 450 nm of less than 0.05. 
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ABSTRACT 

The present invention describes process for the preparation of cephradine 
hydrate characterised in that the process comprises: 

- reacting 7-amino acid desacetoxy cephalosporanic acid (7-ADCA) with D- 
dihydrophenylglycine in activated form in the presence of an enzyme in a reaction 
mixture to prepare cephradine; 

- crystallising the cephradine from an aqueous solution to form cephradine 
hydrate. 

The invention further describes cephradine hydrate obtainable by a process 
according to invention. The invention also describes cephradine hydrate with an 
absorbance at 450 nm of below 0.05. 



